(19) 




Europaisches Patentamt 



European Patent Office 
Office europeen des brevets 



mil 



(ID EP 1 367 596 A1 



(12) 



EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

03.122003 Bulletin 2003/49 

(21) Application number 032530602 

(22) Date of filing: 16.05.2003 



(51) lntCl7: G11C 17/06, G11C 17/08, 

G11C 17/14, G11C 17/16 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE BG CH CY CZ DE D K EE ES Fl FR G B GR 


• Perlov, Craig M. 


HU IE IT LI LU MC NL PT RO SE SI SK TR 


San Mateo, California 94402 (US) 


Designated Extension States: 


• Forrest, Stephen 


AL LT LV MK 


Princeton, NJ 08540 (US) 


(30) Priority: 31.05.2002 US 160802 


(74) Representative: Jehan, Robert et al 




Williams Powell, 


(71) Applicant: Hewlett-Packard Company 


Morley House, 


Palo Arto, CA 94304 (US) 


26-30 Holborn Viaduct 




London EC1 A 2BY (GB) 



(54) Cross-point diode ROM 

(57) A donor/acceptor-organic-junction sheet (606) 
employed within an electronic memory array (118) of a 
cross-point diode memory. The donor/acceptor-organ- 
ic-junction sheet (606) is anistropic with respect to flow 
of electrical current and is physically unstable above a 
threshold current. Thus, the volume of the donor/accep- 



tor-organic-junction sheet (206) between a row line 
(602) and column line (604) at a two-dimensional mem- 
ory array grid point serves both as the diode component 
(210) and as the fuse component (208) of a diode-and- 
fuse memory element and is electrically insulated from 
similar volumes of the donor/acceptor-organic-junction 
sheet between neighboring grid point intersections. 
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[0001] The present Invention relates to memory de- 
vices and, preferably, to cross-point diode memory de- 
vices in which an anisotropic semiconductor sheet is 
employed as a two-dimensional array of fuse-and-diode 
memory elements. 

[0002] As computer processors and digital data stor- 
age devices have become more and more commonly 
used in consumer electronics, the need for high-capac- 
ity, but inexpensive, digital storage devices has greatly 
increased. In some cases, the lack of sufficiently inex- 
pensive, high-capacity digital memory devices has in- 
hibited marketing of new consumer electronics devices 
that store large amounts of digital data during operation. 
An example of consumer electronics devices that need 
inexpensive, high-capacity digital memory Is high-reso- 
lution digital cameras. Although increasing in popularity, 
digital cameras are currently still too expensive for wide 
popular acceptability. Moreover, digital cameras can be 
manufactured with much greater resolution, but the dig- 
ital data storage requirements for the higher-resolution 
images captured by these higher-resolution digital cam- 
eras further increase their operating cost. 
[0003] Digital data is commonly stored on rotating 
magnetic disk drives and in semiconductor-based mem- 
ories, such as EEPROMS and flash memories. Disk 
drives are expensive, consume rather large amounts of 
power, and are insufficiently robust for many consumer 
devices. Flash memories are more robust but, because 
they are produced by the photolithographic techniques 
used to produce microprocessors and other semicon- 
ductor electronic devices, they are currently too expen- 
sive for use in inexpensive consumer electronic devices, 
orforwrite-once consumer applications, such as storing 
digital images captured with digital cameras. 
[0004] Recently, a new cross-point diode memory has 
been developed to serve as a high-capacity, write-once 
memory in consumer electronics devices, such as dig- 
ital cameras. Figure 1 is a cut-away isometric view of a 
portion of a cross-point diode memory module. The 
cross-point diode memory module comprises a number 
of identical, stacked layers. Layers 101-113 are shown 
in Figure 1. Each layer comprises a substrate 116 on 
which a two-dimensional memory array 118 is formed. 
The two-dimensional memory array comprises row and 
column conductive elements, or lines, that together cre- 
ate a grid-like 1 pattern. The row lines of the two-dimen- 
sional memory array are electronically coupled to input/ 
output ("I/O") leads 120-123 via a row multiplexer/de- 
multiplexer circuit 124. The column lines are coupled to 
column I/O leads 126-129 via a column multiplexer/de- 
multiplexer circuit 130. The row I/O leads 120-123 and 
the column I/O leads 126-129 are electronically con- 
nected with contact elements, such as contact element 
1 32 to which row I/O lead 1 20 is connected, that extend 
along the sides of the cross-point diode memory module 
to electronically interconnect the row l/c) leads and col- 



^ d umn I/O leads of alMayers:t£tV1fc3 of the memoryTrtod^ 
ule. Each grid point intersection of a row line and column 
line in the two-dimensional memory array 118 repre- 
sents a single binary storage element. Note that, as will 
5 be discussed below, the row lines do not physically con- 
tact column lines at grid-point intersections, but are cou- 
pled through a memory element. Each memory element 
can be electronically accessed for reading or writing by 
producing appropriate electronic currents in the contact 

10 elements such as contact element 1 32. 

[0005] Figure 2 illustrates a single memory element 
of a two-dimensional memory array from a layer of a 
cross-point diode memory device. In Figure 2, a portion 
of a row line 202 is shown orthogonal to, and above, a 

'5 portion of a column line 204. As discussed above, the 
intersection of the row line 202 and column line 204 cor- 
responds to a single bit of stored digital information. In 
a cross-point diode memory, intersecting row and col- 
umn lines, such as row 202 and column 204 in Figure 

20 2, are electrically coupled through, a memory element 
206. In electrical terms, the memory element comprises 
a fuse 208 and a diode 210 in series. 
[0006] Digital binary digits, or bits, can have one of 
two possible values, "0" and "I." Physical media that 

25 store digital data in digital memory devices generally 
have two different, physical states that can be intercon- 
verted and that can be detected via a physical signal. In 
the case of a cross-point diode memory element, such 
as memory element 206 in Figure 2, one of the two bi- 

30 nary states is represented by an intact fuse 208, and the 
other of the two binary states is represented by a blown 
fuse 208. Unlike a read/write memory, such as a hard 
disk drive, a cross-point memory element can be con- 
verted from the fuse-intact state to the fuse-blown state 

35 only once, and hence cross-point diode memories are 
generally write-once memories. The diode 210 compo- 
nent of the memory element 206 serves to eliminate un- 
desirable electrical paths between row and column 
lines. When the fuse component 208 of a memory ele-\ 

40 ment 206 is intact, the electrical resistance of the mem- ] 
ory element 206 is relatively low, and currents can pass 
between the row line 202 and column line 204. In order 
to change the state of the memory element from the 
fuse-intact state to the fuse-blown state, a much higher 

45 current is passed through the memory element 206 be- 
tween the row line 202 and the column line 204, resulting 
in electrical failure of the fuse component 208. Once the\ 
fuse component 208 has failed, the"eiectrical resistance \ 
of the memory element 206 is relatively high, and com- ( 

so parativeiy little or no current can pass from the row line 
202 through memory element 206 to the column line 
204. Thus, a memory element of the cross-point diode 
memory can be written, or changed from the fuse-intact 
state to fuse-blown state via a high current signal, and 

55 the state of the memory element can be determined by 
determining whether the memory element passes a 
comparatively low current signal. 
[0007] The cross-point diode memory module illus- 



2 



3 



EP 1367 596 A1 



4 



tfCrtefftas? *tf pj; *^^trated f ih £igures>(1rand£?may serve as^ high-capacity, ; ^ ^ 
but inexpensive digital data storage component of con- 
sumer electronics devices provided that an inexpensive 
and efficient technique can be found for manufacturing 
the fuse-and-diode memory elements, such as fuse- s 
and-diode memory element 206 illustrated in Figure 2. 
Thus, designers and manufacturers, consumer elec- 
tronic devices requiring inexpensive, high-capacity dig- 
ital data storage components have recognized the need 
for a inexpensive and efficient method for manufacturing 10 
cross-point diode memory elements. 
[0008] The present invention seeks to provide an im- 
proved electronic memory. 

[0009] According to an aspect of the present inven- 
tion, there is provided a continuous diode sheet as spec- « 
ified in claim 1 . 

[001 0] According to another aspect of the present in- 
vention, there is provided an electronic memory array 
as specified in claim 3. 

[001 1 ] According to another aspect of the present in- 20 
vention, there is provided a method of constructing a 
two-dimensional memory array as specified in claim 9. 
[001 2] One embodiment of the present invention pro- 
vides a thin sheet of anisotropic semiconductor material 
that can be sandwiched between row and column lines 25 
of a two-dimensional memory array of a cross-point di- 
ode memory layer. The anisotropic semiconductor ma- 
terial is composed of small-molecule organic com- 
pounds that can be formed in stable films, one on top of 
the other, or laminated together, to produce a donor/ac- 30 
ceptor-organic-ju notion device. A donor/acceptor-or- 
ganic-junction device is, by its nature, a diode. The films 
can be manufactured to have relatively low electrical re- 
sistivity in a direction perpendicular to the plane of the 
films and to have relatively high electrical resistivity in & 
the plane of the film, and are thus anisotropic. Because 
the semiconductor sheet is anisitropic with respect to 
electrical resistivity, the memory elements do not need 
to be manufactured by expensive photolithographic 
techniques or otherwise manufactured to correspond to *o 
the row line and column line dimensions and orienta- 
tions, but instead arise in the anisotropic donor/accep- 
tor-organic-junction material via proximity to memory- 
array grid points. 

[0013] The anisotropic semiconductor sheet passes 45 
current in one direction between Intersecting row and 
column lines of a two-dimensional memory array. When 
a. high-voltage or high-current signal passes between 
a column line and a row line, the small-molecule com- 
pounds forming the anisotropic seiconductor sheet va- so 
porize, leaving a gap in the anisotropic semiconductor 
sheet at the intersection of the row line and column line 
through which the high-current or high-voltage signal is 
passed. Once a gap has been formed, a relatively low- 
current signal can no longer pass between the column 55 
line and row line, and hence the anisotropic semicon- 
ductor sheet serves as the fuse component of a cross- 
point diode memory element. The anisotropic semi- 



rcondcuton sheet > composed <of ^Ums^^ft^al^btecule^^::. ; rtevi -ctftovjtfv .» ■ * 
organic compounds thus serve as an array of fuse-and- 
diode memory element at each grid point of the two-di- 
mensional memory array of a cross-point diode memory 
device. 

[001 4] Embodiments of the present invention are de- 
scribed below, by way of example only, with reference 
to the accompanying drawings in which: 

Figure 1 is a cut-away isometric view of a portion of 

a cross-point diode memory module. 

Figure 2 illustrates a single memory element of a 

two-dimensional memory array from a layer of a 

cross-point diode memory. 

Figures 3-5 illustrates donor/acceptoror-ganic- 

junction devices. 

Figure 6 illustrates a single memory element repre- 
senting one embodiment of the present invention. 
Figure 7 illustrates the two-dimensional grid point 
intersection illustrated in Figure 6 following passage 
of a relatively high current between the column line 
and the row line. 

Figure 8A shows the chemical structure of copper 
phthalocyanine and Figure 8B shows the chemical 
structure of 3,4,9, 10-pery lenetetracarboxylic-bis- 
benzimidazole. 

[001 5] One embodiment of the present invention pro- 
vides a sheet-like, anisotropic, semiconductor material 
comprising small-molecule organic compounds that is 
placed between the row lines and column lines of a two- 
dimensional cross-point diode memory array to serve 
as fuse-and-diode memory elements for each grid point 
of the anay. The anisotropic semiconductor material 
comprises two layers composed of differenfrsmall-mol- * 
ecule organic compounds formed or laminated together 
to provide a donor/acceptor-organic-junction device. 
The donor/acceptor-organic-inaction represented by 
the interface between the two, chemically distinct layers 
produces the diode functionality of the memory ele- 
ments, and the easily vaporized, small-molecule organ- 
ic compounds that compose the films provide the fuse 
functionality of the memory elements. Because the sem- 
iconductor sheet is anisotropic, and because electrical 
current does not generally flow in the plane of the sem- 
iconductor sheet, a single anisotropic semiconductor 
sheet can be sandwiched between the row and column 
lines of a memory-array grid to provide ail the memory 
elements for the memory-array grid. 
[0016] A molecule comprises atoms bonded together 
via covalent bonds, generally bonding molecular orbit- 
als inhabited by electrons shared between two or more 
atoms within the molecule. The electrons of a molecule 
occupy molecular orbitals with discrete energy levels, 
or, in other wolds, occupy quantized energy-level states, 
or quantum states. In a solid, molecular orbitals of ad- 
jacent molecules within the solid may combine to pro- 
duce delocalized orbitals that allow electrons inhabiting 
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ih -cartas .cv • • * ^r^the^delocafizedemolecute^ 

move relatively freely through the solid. This mobility al- 
lows electrons occupying delocalized orbitals to carry 
an electric current through the solid. 
[001 7] The operation of an organic diode can be ex- 5 
plained by the behavior of the molecular orbital electron 
energy levels. The Highest energy Occupied Molecular 
Orbital at zero temperature is denoted HOMO and the 
Lowest energy Unoccupied Molecular Orbital is denoted 
LUMO. A donor-acceptor junction of two organic mate- 1 o 
rials can be represented by the energy diagram shown 
in Figure 3. The donor material can be copper phthalo- 
cyanine ("CuPc") and the acceptor material can be 
3,4,9,10-perylenetetra-carboxylic-bis-benzimidazole 
("PTCBI"), Under bias, the energy levels tilt, as shown 
in Figures 3 and 4. In Figure 4 the Junction is in forward 
bias. Electrons are injected from the cathode 402 into 
the LUMO of the donor and thence into the LUMO of the 
acceptor and complete the electrical circuit to the anode 
404. 20 
[0018] Figure 5 shows a junction in reverse bias. Here 
the electrons are injected into the LUMO of the acceptor, 
but are blocked from entering the LUMO of the donor by 
energy barrier E b 502. Thus this donor-acceptor junction 
is acting like a diode, freefy passing current under for- 25 
ward bias and blocking current in reverse bias. 
[001 9] A fuse is a simple electrical device used to pro- 
tect electrical circuits from excess current flow. A fuse 
is inserted into a circuit so that, when current flow ex- 
ceeds some threshold value, the fuse fails, breaking the 30 
circuit and preventing current flow above the threshold 
value within the circuit. Prior to the advent of circuit 
breaker panels, simple screw -in fuses were common in 
household circuitry. These household fuses screwed in- 
to a socket and directed current through a. thin metallic 35 
strip visible through a clear window on the top of the 
fuse. When the current in the household circuitry ex- 
ceeded a threshold value, the metal foil would be incin- 
erated, breaking the circuit, and protecting internal 
household circuitry from damage. ao 
[0020] it would be possible to fashion the two-dimen- 
sional memory array illustrated in Figures 1 and 2 from 
silicon-based semiconductor materials via a photolitho- 
graphic process, in the same fashion that complex cir- 
cuitry within microchips is manufactured. By this proc- 45 
ess, diode-and-f use memory elements can be laid down 
between the row and column lines at each grid point of 
the array, Unfortunately, photolithographic processes, 
while economical for microprocessors and RAM mem- 
ories that are generally used over and over again in so 
high-end computers and electronic devices, are much 
too expensive for write-once consumer applications, 
such as storing digital pictures within digital cameras 
analogously to storing analog pictures on photographic 
film. 55 
[0021] The preferred embodiment described herein 
arose from a recognition that a continuous sheet of an- 
isotropic, donor/acceptor-organic material can serve as 



m the ' memory, elements or ?antferitrre*^ ' 
memory array of a layer of a cross-point diode memory 
without the need for expensive micromanufacturing. 
Figure 6 illustrates a single memory element represent- 
ing one embodiment of the present invention. Figure 6 
illustrates the intersection between a row line 602 and 
a column line 604 within a two-dimensional memory ar- 
ray, as previously illustrated in Figure 2. However, in 
place of a discrete, micromanufactured array element 
(206 in Figure 2), the memory element constructed in 
accordance with one embodiment of the present inven- 
tion comprises a volume of a donor/acceptor-organic- 
junction sheet material 606 between the row line 602 
and column line 604. Theorganicsheetcomprisesathin 
acceptor layer 408 formed against, or laminated to, a 
think donor layer 61 0. In the orientation shown in Figure 
6, electrical current may pass from the column line 604 
to the row line 602, but only a tiny, reverse current can 
pass from the row line 602 to the column line 604. Thus, 
the donor/acceptor-organic junction sheet 606 serves 
as the diode component of the memory element illus- 
trated in Figure 2. 

[0022] Because the donor/acceptor-organiciunction"^ 
sheet 606 is physically unstable above a threshold cur- 
rent, the donor/acceptor-organic-junction sheet also 
serves as the fuse component of the memory element 
illustrated in Figure 2. Figure 7 illustrates the two-dimen- 
sional grid point intersection illustrated in Figure 6 fol- 
lowing passage of a current exceeding the failure 
threshold current for the donor/acceptor-organ ic-junc- 
tion sheet between the column line 604 and the row line 
602. The higher-than-threshold current has vaporized a 
volume of the donor/acceptor-organic-junction sheet 
between and in the neighborhood of the grid-point inter- 
section leaving an empty region, or.gap 702, between *' u. „ *w 
the row line 602 and column line 604 The gap is filled 
with air, and is equivalent to insertion of a resistor be- 
tween row 602 and column line 604. Alternatively, the 
layers of the donor/acceptor-organic-junction sheet may 
locally delaminate between and in the neighborhood of 
the grid-point intersection at high voltages, and equiva- 
lent^ fail to conduct electricity following delanimation. 
Thus, Figures 6 and 7 illustrate the two binary states of 
the memory element at a two-dimensional array grid 
point constructed according to one embodiment of the 
present invention, with Figure 6 illustrating a fuse-intact 
state, and Figure 7 representing the fuse-blown state. 
The fuse-intact state may represent the binary value arid 
the fuse-blown state may representee binary value "O," 
or, by an alternate convention, the fuse-intact state may 
represent the binary value "0," and the fuse-blown state 
may represent the binary value "1 ." -J 
[0023] The additional property provided by this em- 
bodiment of donor/acceptor-organic-junction sheet is 
that it conducts current in a direction perpendicular to 
the plane of the sheet, but conduct little or no current in 
a direction parallel to the plane of the sheet. This cur- 
rent-carrying anisotropy provides electrically discrete 
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ray grid point without a need for micromanufacture of 
memory elements. Because current is not conducted in 
a direction parallel to the plane of the sheet, current can- 
not flow through the donor/acceptor-organic-junction 5 
sheet from an active grid point to an inactive grid point, 
and thus short-circuit the two-dimensional memory, ar- 
ray. Furthermore, when a strong current is employed at 
a grid point to blow the memory element during a write 
operation, the strong current cannot travel laterally with- io 
in the donor/acceptor-organic-junction sheet to blow the 
memory element fuse of other grid points. 
[0024] Thus, a donor/acceptor-organic-junction sheet 
hasthefollowing properties for the above-described use 
in a two-dimensional memory array: (1) a good rectifi- 15 
cation ratio, or, in other words, the donor/acceptor-or- 
ganic-junction sheet should pass current with compar- 
atively low electrical resistance in a forward direction 
perpendicular to the plane of the sheet but pass current 
with comparatively high electrical resistance in the op- 20 
posite, reverse direction; (2) physical instability at volt- 
ages higher than the voltages applied during memory 
read operations; (3) a low electrical resistance, or high 
conductance, in the forward direction; and (4) a stable 
electrical resistance, or high conductance, in the for- 25 
ward direction. In addition, it is desirable for the donor/ 
acceptor-organic-junction sheet to be easily manufac- 
tured to predetermined tolerances, relatively inexpen- 
sive, and physically stable at voltages below and equal 
to the voltages applied during memory read operations . 30 
and within a range of temperatures to which the memory 
\ device is expected to be exposed. 

[0025] A continuous donor/acceptor-organic-junction 
sheet for use as the multiple memory elements of a two- 
dimensional memory, array within a cross-point diode *35, 
memory can be manufactured as a film of the donor- 
type material, CuPc laminated to, or formed upon, a film 
of the acceptor-type material PTCBI. Figure BA shows 
the chemical structure of CuPc and Figure 8B shows the 
chemical structure of PTCBI . A two-layer donor/accep- *o 
tor-organic-junction sheet comprising layers of CuPc 
and PTCBI has the properties of current-flow anisotropy 
and physical instability at high current necessary for the 
cross-point diode memory application discussed above, 
in the previous section. Many other chemical composi- 45 
tions for a donor/acceptor-organic-junction sheet that 
can serve in the cross-point diode memory application 
according to the present invention are possible. Two- 
layer organic sheets, with each layer composed of one 
or more small-molecule organic compounds, are suita- so 
ble, but multi-layer donor/acceptor-organic-junction 
sheets with appropriate anisotropic and high-current in- 
stability characteristics may be used. For example, 
many different substituted plithalocyanines, or related 
organic molecules such as porphyrines, tetrobenzopor- 55 
phyrines, or tetraazaporphyrines may be employed in 
place of CuPc, and many appropriately substituted 
perylene or other large, fused-ring molecules, such as 
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enetetracarboxylic diimides, may be used in place of 
PTCBI. 

[0026] Although the present invention has been de- 
scribed in terms of a particular embodiment, it is not in- 
tended that the invention be limited to this embodiment. 
Modifications within the scope of the claims will be ap- 
parent to those skilled in the art. For example, as dis- 
cussed above, any single-layer, two-layer, or multi-layer 
donor/acceptor-organic-junction sheet having the cur- 
rent-carrying anisotropy and high-current physical insta- 
bility needed for the continuous-sheet memory element 
application, illustrated in Figures 2 and 4-5, falls within 
the scope of the claims. Note that the embodiment may 
be employed in the cross-point diode memory devices 
illustrated in Figure 1, but may also be employed in 
write-once memory devices with different internal struc- 
tures, provided that a continuous donor/acceptor-organ- 
ic-junction sheet is employed for a number of diode-and- 
fuse memory elements. 

[0027] The foregoing description, for purposes of ex- 
planation, used specific nomenclature to provide a thor- 
ough understanding of the invention. However, it will be 
apparent to one skilled in the art that the specific details 
are not required in order to practice the invention. In oth- 
er instances, well-known circuits and devices are shown 
in block diagram form in order to avoid unnecessary dis- 
traction from the underlying teaching. Thus, the forego- 
ing descriptions of specific embodiments of the present 
invention are presented for purposes of illustration and 
description; they are not intended to be exhaustive or to 
limit the invention to the precise forms disclosed, obvi- 
ously many modifications and variations are possible in 
view of the above teachings. 

[0028] The disclosures in United States patent appli- 
cation no. 10/160,802, from which this application 
claims priority, and in the abstract accompanying this 
application are incorporated herein by reference. 



Claims 

1. A continuous diode sheet, used in an electronic 
memory array, that couples row lines (602) to col- 
umn lines (604) within the two-dimensional memory 
array, a volume (206) of the diode sheet between 
each intersecting row-and-column-line grid point of 
the electronic memory array serving as a diode- 
and-fuse memory element (208, 210), the continu- 
ous diode sheet including a semiconductor-junction 
sheet that: 

under forward bias has high electrical conduc- 
tivity in a direction substantially perpendicular 
to the diode sheet, but low electrical conductiv- 
ity under reverse bias; 

physically degrades within a volume between 
a row line and column line between which a cur- 
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and 

resists flow of electrical current in directions 
substantially parallel to the sheet, so that a vol- 
ume of the diode sheet between a row-and-col- s 
umn-line grid point of the electronic memory ar- 
ray is relatively electrically isolated from all oth- 
er volumes of the diode sheet between other 
row-and-column-Hne grid points of the electron- 
ic memory array. 10 

2. A diode sheet as in claim 1, including a first layer 
formed of a film of copper phthalocyanine (610) 
joined to a second layer formed of a film of 3, 4, 9, 

1 0-peryleneteracart>oxylic-bis-imaidazole (608). is 

3. An electronic memory array including the continu- 
ous diode sheet as in claim 1 including: 

a set of substantially parallel conductive row 20 
lines (602); 

a set of substantially parallel conductive col- 
umn lines (604); 

the continuous diode sheet (606) being located 
between the set of conductive row lines and the 25 
set of conductive column lines having top and 
bottom surfaces substantially parallel to the set 
of conductive row lines and the set of conduc- 
tive lines, a local volume of the diode sheet at 
each intersection point of a row line and a col- 30 
umn line providing a diode-and-fuse memory 
element. 

4. A memory array as in claim 3, wherein electrical re- 
sistance of the diode sheet is anisotropic, with low^ 35 
electrical resistance in a direction substantially per- 
pendicular to the top and bottom surfaces of the di- 
ode sheet and h igh electrical resistance in a reverse 1 0. 
direction and in all directions substantially parallel 

to the top and bottom surfaces of the diode sheet 

5. A memory array as in claim 4, including externally 
accessible conductive connectors (120-123, 
126-129) coupled to the row and column lines. 

6. A memory array as in claim 4 or 5, wherein each 
diode-and-fuse memory element (206, 208, 210) 
stores a bit of information. 
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£A method oftconstructing^ 
ory array (118), including the steps of: 

providing a substrate (116) with a first set of 
substantially parallel conductive lines; 
layering a donor/acceptor-organic-junction 
sheet (606) on top of the first set of the conduc- 
tive lines, the donor/acceptor-organic-junction 
sheet being: 

operable to conduct current in one direc- 
tion substantially perpendicular to the 
sheet; 

physically unstable within a volume be- 
tween a row line (602) and column line 
(604) between wh ich a cu rrent greater than 
a threshold current passes, 
operable to resist the flow of current in di- 
rections parallel to the sheet, so that the 
volumes of the donor/acceptororgan- 
icjunction sheet material (206) between a 
row-and-column-line grid point of the two- 
dimensional memory array (118) is rela- 
tively electrically isolated from all other vol- 
umes of the donor/acceptororganicju no- 
tion sheet material between other row-and- 
column-line grid points of the two-dimen- 
sional memory array; 
placing a second set of parallel conductive 
lines substantially perpendicular to the first 
set of parallel conductive lines column lines 
on top of the donor/acceptororganicj unc- 
tion sheet; and 

providing externally accessible conductive 

connectors (120-123, 126-129) coupled to- * - . v . - 

the row and column lines. 

A method as in claim 9, wherein the donor/ac- 
ceptororganiqunction sheet (606) comprises a first 
layer formed of a film of copper phthalocyanine 
(610) joined to a second layer formed of a film of 3, 
4, 9, 10-peryleneteracarboxylic-bis-imaidazole 
(608). 



7. A memory array as in claim 6, wherein a blown di- so 
ode-and-fuse memory element (702) represents a 

bit "V and an intact diode-and-fuse memory ele- 
ment represents a bit "0". 

8. A memory array as in claim 6, wherein a blown di- 55 
ode-and-fuse memory element (702) represents 
the a n 0 n and an intact diode-and-fuse memory el- 
ement represents a bit" 1". 
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